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Abstract: Similar to many addiction disorders, pathological gambling is associated with an increased
preference for immediate rewards (steep temporal discounting). In healthy participants, episodic future
thinking has been shown to reduce impulsivity during intertemporal choice. Here, we examine for the
first time a modulation of temporal discounting via episodic future thinking in a group of pathological
gamblers. We investigated a sample of 24 pathological gamblers and 24 matched healthy controls with
functional magnetic resonance imaging (fMRI). Participants made intertemporal choices in two experi-
mental conditions. In the control condition, delayed monetary rewards were offered with the respective
amount and delay. In the episodic condition, rewards were additionally associated with participant-
specific personal future events. We replicated previous findings of increased temporal discounting in
pathological gambling. On a trend level, episodic future thinking attenuated discounting across all par-
ticipants. We found that pathological gamblers could successfully recruit a prospection related network
during decision-making in the presence of episodic information. The episodic condition modulated the
functional connection between ventromedial prefrontal cortex (vmPFC) and ventral striatum, a mech-
anism that might support the increase in striatal value coding observed in the episodic condition in
gamblers. However, in controls, but not in gamblers, valuation signal changes in the hippocampus
were associated with less impulsive behavior. We provide first evidence that by episodic cues during in-
tertemporal decision-making striatal valuation signals can be enhanced in pathological gamblers. Further
research is needed to explore interventions that reliably reduce impulsive choice behavior in pathological
gambling.
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ORFDOLQWHUQHWEXOOHWLQERDUGV2QHSDWKRORJLFDOJDPEOHUZDVH[FOXGHGGXHWRFRPRUELG$[LV,
GLVRUGHUVDQGRQHKHDOWK\FRQWUROSDUWLFLSDQWZDVH[FOXGHGGXHWRXQXVXDOO\KLJKEUDLQDWURSK\RI
XQNQRZQFDXVH
$OOSDUWLFLSDQWVUHSRUWHGQRKLVWRU\RISV\FKRWURSLFGUXJVQRUUHJXODUGUXJXVHH[FHSWIRUQLFRWLQH
&XUUHQWGUXJDEVWLQHQFHZDVYHULILHGYLDXULQHGUXJVFUHHQLQJ1RD[LV,GLVRUGHUZDVSUHVHQWLQ
WKHVDPSOHH[FHSWIRUGHSUHVVLRQSDWKRORJLFDOJDPEOHUVKHDOWK\FRQWUROV$OOSDWKRORJLFDO
JDPEOHUVPHWWKH'60FULWHULDRISDWKRORJLFDOJDPEOLQJDQGPHWWKHFULWHULDLQWKH
.XU]IUDJHERJHQ]XP*OFNVVSLHOYHUKDOWHQ.)*3HWU\DQGWKH*HUPDQYHUVLRQRIWKH
6RXWK2DNV*DPEOLQJ6FUHHQ62*6/HVLHXUDQG%OXPH(OHYHQSDWKRORJLFDOJDPEOHUV
DQGKHDOWK\FRQWUROVZHUHFXUUHQWVPRNHUV!LQWKH)DJHUVWU|P7HVWIRU1LFRWLQH'HSHQGHQFH
)71'+HDWKHUWRQHWDODQGZHUHDOORZHGWRVPRNHIUHHO\EHIRUHWHVWLQJVHH7DEOHIRU
VDPSOHFKDUDFWHULVWLFV
(Please insert Figure 1 here) 
(Please insert Table 1 here)
3UHWHVW
7RFRQVWUXFWVXEMHFWLYHO\PHDQLQJIXOWULDOVIRUHDFKSDUWLFLSDQWH[WHQVLYHEHKDYLRUDOWHVWLQJZDV
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
GRQHLQDSUHWHVWVHVVLRQWKDWWRRNSODFHRQDQRWKHUGD\'XULQJSUHWHVWSDUWLFLSDQWVSHUIRUPHG
DQDGDSWLYHWHPSRUDOGLVFRXQWLQJSDUDGLJPUHVXOWLQJLQRQHSUHWHVWGLVFRXQWLQJSDUDPHWHUIRU
HYHU\SDUWLFLSDQW3HWHUVDQG%FKHO0LHGOHWDO$GGLWLRQDOO\ZH
LQWHUYLHZHGHDFKSDUWLFLSDQWWRFROOHFWSHUVRQDOUHOHYDQWUHDOIXWXUHHYHQWV3HWHUVDQG%FKHO
)LYHWRVHYHQSDUWLFLSDQWVSHFLILFIXWXUHHYHQWVZHUHVHOHFWHGZLWKGHOD\VUDQJLQJIURPD
IHZGD\VXSWRaGD\V)RUHYHU\HYHQWDGHVFULSWLYHODEHO³HSLVRGLFWDJ´ZDVFRQVWUXFWHG
HJGD\V³9DFDWLRQ3DULV´WRUHIHUWRDYDFDWLRQLQ3DULVWKDWWKHSDUWLFLSDQWVKDVSODQQHG
GD\VLQWKHIXWXUH
(SLVRGLFWHPSRUDOGLVFRXQWLQJWDVN
:HXVHGDWDVNIURPDSUHYLRXVVWXG\LQKHDOWK\SDUWLFLSDQWV3HWHUVDQG%FKHOVHH
)LJXUHZKLFKFRQVLVWHGRIWZRFRQGLWLRQVWKDWZHUHUDQGRPL]HGWULDOZLVH7KHHSLVRGLF
FRQGLWLRQLQYROYHGGHFLVLRQVEHWZHHQDFRQVWDQWLPPHGLDWHUHZDUGRI(85QRWVKRZQDQG
YDULRXVGHOD\HGUHZDUGVSUHVHQWHGRQWKHVFUHHQZKLFKZHUHWLHGWRDVSHFLILFIXWXUHHYHQWDV
FROOHFWHGGXULQJWKHSUHWHVWVHVVLRQ7ULDOVRIWKHFRQWUROFRQGLWLRQZHUHLQGHSHQGHQWRIIXWXUH
HYHQWV&RQWUROFRQGLWLRQGHOD\VZHUHGUDZQIURPDXQLIRUPGLVWULEXWLRQEHWZHHQRQHGD\DQGWKH
PD[LPXPGHOD\RIWKHHSLVRGLFFRQGLWLRQ(SLVRGLFDQGFRQWUROWULDOVDOWHUQDWHGLQWKHLUWLPH
GLVWDQFH/DUJHUEXWODWHU//UHZDUGDPRXQWVRIKDOIRIWKHWULDOVZHUHFKRVHQWROLQHDUO\FRYHUWKH
UDQJHEHWZHHQ(85DQG(857KHRWKHUKDOIRI//UHZDUGDPRXQWVZHUHFRQVWUXFWHG
ZLWKUHVSHFWWRWKHSUHWHVWGLVFRXQWLQJEHKDYLRU)RUHDFKHYHQWGHOD\SDUWLFLSDQWVSHFLILF
LQGLIIHUHQFHSRLQWVZHUHFDOFXODWHGZLWKFRJQLWLYHPRGHOLQJWKHLQGLIIHUHQFHSRLQWVSHFLILHVWKH
SRLQWZHUH66DQG//UHZDUGPDWFKLQVXEMHFWLYHYDOXH$PRXQWVRIWKH//UHZDUGZHUHGUDZQ
IURPDQRUPDOGLVWULEXWLRQZLWKWKHLQGLIIHUHQFHSRLQWDVPHDQDQGDVWDQGDUGGHYLDWLRQRI
3ULRUWRI05,VFDQQLQJSDUWLFLSDQWVFRPSOHWHGDVHWRIQLQHSUDFWLFHFRQWUROWULDOV,PPHGLDWHO\
EHIRUHI05,SDUWLFLSDQWVZHUHWROGWKDWHSLVRGLFWDJVZRXOGEHSUHVHQWHGGXULQJI05,VFDQQLQJEXW
QRDGGLWLRQDOLQVWUXFWLRQVUHJDUGLQJWKHFXHVZHUHJLYHQ
7ULDOVIURPERWKFRQGLWLRQVZHUHUDQGRPL]HGDQGSUHVHQWHGLQVHVVLRQVGXULQJI05,VFDQQLQJ
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$IWHUI05,VFDQQLQJSDUWLFLSDQWVFRPSOHWHGDTXHVWLRQQDLUHRXWVLGHWKHVFDQQHUWDUJHWLQJ
SRWHQWLDOHSLVRGLFLPDJLQDWLRQGXULQJI05,VFDQQLQJ3DUWLFLSDQWVZHUHDVNHGWRUDWHIRUHYHU\
HYHQWRQDLWHP/LNHUWVFDOHKRZRIWHQDQGKRZYLYLGWKH\LPDJLQHGWKHUHVSHFWLYHHYHQW
3DUWLFLSDQWVUHFHLYHG(85KFDVKUHLPEXUVHPHQWDIWHUFRPSOHWLRQRIWKHI05,VHVVLRQ
$GGLWLRQDOO\RQHWULDOZDVUDQGRPO\VHOHFWHGDQGSDLGRXWLQDFFRUGDQFHZLWKWKHSDUWLFLSDQWV
GHFLVLRQRQWKDWWULDO
&RJQLWLYH0RGHOLQJ
&KRLFHGDWDZHUHILWZLWKIRUPDOPRGHOVRILQWHUWHPSRUDOFKRLFHXVLQJ%D\HVLDQVWDWLVWLFVDV
LPSOHPHQWHGLQWKHVRIWZDUH-$*63OXPPHU:HXVHGDJURXSOHYHOKLHUDUFKLFDO
HVWLPDWLRQVFKHPH7KLVKDVEHHQVKRZQWRUHVXOWLQSDUDPHWHUHVWLPDWHVWKDWDUHPRUHUHOLDEOH
ZLWKUHGXFHGRXWOLHUV$KQHWDO/HH:HFRPSDUHGK\SHUEROLFGLVFRXQWLQJ0D]XU
DQG&RHGLVFRXQWHGXWLOLW\3LQHHWDOFRQVWDQWVHQVLWLYLW\(EHUWDQG3UHOHF
DQGLQWHUWHPSRUDOFKRLFHKHXULVWLF0DU]LOOL(ULFVRQHWDOPRGHOV0RGHOFRPSDULVRQ
ZDVGRQHXVLQJWKH:DWDQDEH$LNLQH,QIRUPDWLRQ&ULWHULD:$,&:DWDQDEH9HKWDULHWDO
'XULQJ0&0&VDPSOLQJLQ-$*6ZHUHFRUGHGDORJOLNHOLKRRGPDWUL[WULDOVE\VDPSOHV
7KLVPDWUL[ZDVXVHGWRFDOFXODWH:$,&YDOXHVZLWKWKH5SDFNDJHloo.0RGHOFRPSDULVRQ
UHYHDOHGWKDWK\SHUEROLFGLVFRXQWLQJ0D]XUDQG&RHDFFRXQWHGIRUWKHGDWDEHVW:$,&
K\SHUEROLFPRGHOGLVFRXQWHGXWLOLW\FRQVWDQWVHQVLWLYLW\LQWHU
WHPSRUDOFKRLFHKHXULVWLF7KLVPRGHOGHVFULEHVGLVFRXQWLQJRIYDOXHRYHUWLPHDVD
K\SHUEROLFIXQFWLRQZLWKRQHIUHHSDUDPHWHUk WRGHVFULEHWKHGHJUHHRIGLVFRXQWLQJ
7KLVPRGHOGHVFULEHVWKHUHGXFWLRQRIVXEMHFWLYHYDOXHRYHUWLPHDVDK\SHUEROD

+HUHSVLVWKHVXEMHFWLYHGLVFRXQWHGYDOXHRIWKHGHOD\HGRSWLRQDLVWKHGHOD\RIWKH//UHZDUG
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LQGD\VDQGALVWKHUHZDUGPDJQLWXGHRIWKH//RSWLRQDQGkLVDVXEMHFWVSHFLILFGLVFRXQWLQJ
SDUDPHWHU/DUJHUk YDOXHVLQGLFDWHKLJKHULPSXOVLYLW\3DUDPHWHUHVWLPDWHVZHUHXVHGIRUWKH
VWDWLVWLFDODQDO\VLVRIWKHEHKDYLRUDOGDWDORJWUDQVIRUPHGWRDFFRXQWIRUWKHLUVNHZHGGLVWULEXWLRQ
DQGWRFRQVWUXFWSDUDPHWULFDOO\PRGXODWHGUHJUHVVRUVIRUWKHI05,DQDO\VLV7RWKLVHQGZHXVHG
HDFKSDUWLFLSDQW¶VSDUDPHWHUHVWLPDWHRIkWRFDOFXODWHWKHVXEMHFWLYHWULDOZLVHYDOXHIRUSUHVHQWHG
//UHZDUGV
6XEMHFWLYHYDOXHVZHUHWUDQVIRUPHGLQWRFKRLFHSUREDELOLWLHVXVLQJWKHVRIWPD[DFWLRQVHOHFWLRQ

7KLVLQFOXGHGDQRWKHUIUHHSDUDPHWHUȕUHIOHFWLQJGHFLVLRQQRLVHpLLSUREDELOLW\RIFKRRVLQJWKH//
RSWLRQSVVXEMHFWLYHYDOXHRIWKH//RSWLRQLVWKHIL[HGDPRXQWRIWKHLPPHGLDWHRSWLRQ
)XQFWLRQDOPDJQHWLFUHVRQDQFHLPDJLQJ
0DJQHWLFUHVRQDQFHLPDJLQJ05,ZDVFROOHFWHGZLWKD7V\VWHP6LHPHQV7ULRXVLQJD
FKDQQHOKHDGFRLO$QDYHUDJHRIYROXPHVSHUSDUWLFLSDQWZHUHUHFRUGHGLQVHVVLRQVDQG
WKHILUVWILYHYROXPHVRIHDFKVHVVLRQZHUHGLVFDUGHGWRDOORZWKH%2/'VLJQDOWRVWDELOL]H(DFK
YROXPHFRQVLVWHGRIVOLFHV[[PPLQSODQHUHVROXWLRQDQGPPJDS75 V7( PV
7RDYRLGGLVWRUWLRQVLQWKHIURQWDOFRUWH[WKHUHFRUGHGYROXPHVZHUHIOLSSHGE\IURPWKHDQWHULRU
DQGSRVWHULRUFRPPLVVXUHVFRQQHFWLRQOLQH3DUWLFLSDQWVZDWFKHGWKHVFUHHQYLDDKHDGFRLO
PRXQWHGPLUURU$GGLWLRQDOO\KLJKUHVROXWLRQ7ZHLJKWHGVWUXFWXUDOLPDJHVZHUHDFTXLUHG)RURQH
SDWKRORJLFDOJDPEOHURQO\RXWRIVHVVLRQVZHUHDFTXLUHGGXHWRWHFKQLFDOSUREOHPV)RURQH
FRQWUROSDUWLFLSDQWQRVWUXFWXUDOLPDJHVZHUHUHFRUGHG
05,GDWDSUHSURFHVVLQJDQGDQDO\VLVZDVGRQHXVLQJ630:HOOFRPH'HSDUWPHQWRI&RJQLWLYH
1HXURORJ\/RQGRQ8.)LUVWDOOVFDQVRIHDFKSDUWLFLSDQWZHUHUHDOLJQHGWRWKHPHDQYROXPH
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6HFRQGWRDFFRXQWIRUWKHVKLIWHGDFTXLVLWLRQWLPHRIVOLFHVZLWKLQDYROXPHVOLFHWLPHFRUUHFWLRQWR
WKHRQVHWRIWKHPLGGOHVOLFHZDVSHUIRUPHG7KHQDOOIXQFWLRQDOLPDJHVZHUHQRUPDOL]HGWR01,
VSDFHXVLQJDIILQHUHJXODUL]DWLRQ)LQDOO\DOOIXQFWLRQDOLPDJHVZHUHVPRRWKHGZLWKD*DXVVLDQ
NHUQHORIPPIXOOZLGWKDWKDOIPD[LPXP
)05,GDWDZHUHILUVWDQDO\]HGXVLQJDJHQHUDOOLQHDUPRGHO*/0DVLPSOHPHQWHGLQ6302Q
WKHILUVWOHYHOSUHVHQWDWLRQZLQGRZVRIWKHODUJHUEXWODWHURSWLRQZHUHPRGHOHGE\FRQYROYLQJWKH
GXUDWLRQRISUHVHQWDWLRQLHVZLWKDFDQRQLFDOKDHPRG\QDPLFUHVSRQVHIXQFWLRQVHSDUDWHO\
IRUFRQWURODQGHSLVRGLFWULDOV7KHVXEMHFWLYHYDOXHRIWKH//UHZDUGZDVHQWHUHGDVDILUVW
SDUDPHWULFPRGXODWRULQWKHILUVWOHYHO*/0DQDO\VLV$VDVHFRQGSDUDPHWULFPRGXODWRUFKRLFH//
ZDVHQWHUHG3DUDPHWULFPRGXODWRUVZHUHDOVRFRQYROYHGZLWKWKH+5)%XWWRQSUHVVHGZHUH
PRGHOHGVHSDUDWHO\:HEXLOWQXLVDQFHUHJUHVVRUVXVLQJWKH*/0GHQRLVHWRROER[.D\HWDO
*/0GHQRLVHH[WUDFWVSULQFLSDOFRPSRQHQWVIURPYR[HOVWKDWDUHXQUHODWHGWRWKHWDVNLH
YR[HOVLQZKLFKWKHR²LVVPDOOHUWKDQ7KHVLJQDOLQWKHVHFRPSRQHQWVLVDVVXPHGWR
UHSUHVHQWQRLVHHJSK\VLRORJLFDOQRLVHPRYHPHQWRUVFDQQHUDUWLIDFWV3ULQFLSDOFRPSRQHQW
VFRUHVRIWKHQRLVHFRPSRQHQWVDUHWKHQLQFOXGHGDVDGGLWLRQDOUHJUHVVRUVLQWKH*/0WRDFFRXQW
IRUWDVNXQUHODWHGYDULDQFH
'\QDPLFFDXVDOPRGHOLQJ
%RWKYHQWURPHGLDOSUHIURQWDOFRUWH[YP3)&DQG1XFOHXV$FFXPEHQV1$FFKDYHEHHQVKRZQ
WRUHSUHVHQWYDOXHVGXULQJGHFLVLRQPDNLQJ+DEHUDQG.QXWVRQ%DUWUDHWDO&OLWKHUR
DQG5DQJHO7RWHVWWKHHIIHFWLYHFRQQHFWLYLW\EHWZHHQYP3)&DQG1$FFGXULQJLQWHU
WHPSRUDOFKRLFHVZHXVHGDG\QDPLFFDXVDOPRGHOLQJ'&0DSSURDFK)ULVWRQHWDO:H
ILUVWH[WUDFWHGWKH%2/'WLPHFRXUVHIRUHYHU\SDUWLFLSDQWIURPERWKUHJLRQVRILQWHUHVW52,7KH
ILUVW52,ZDVGHILQHGE\WKHPDLQHIIHFWRIVXEMHFWLYHYDOXHLQWKHYP3)&JURXSFRQMXQFWLRQ
SHDN01,FRRUGLQDWHVVHHUHVXOWVVHFWLRQ7KHVHFRQG52,ZDVGHILQHGE\WKHYDOXH
VLJQDOFRQGLWLRQGLIIHUHQFHLQWKHOHIW1$FFSHDN01,FRRUGLQDWHVVHHUHVXOWVVHFWLRQ
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52,WLPHFRXUVHVZHUHH[WUDFWHGZLWKLQDVSKHUHDURXQGWKHSDUWLFLSDQWVSHFLILFSHDNZLWKLQWKH
52,YP3)&PP1$FFPPGLDPHWHU
7RDQDO\]HLQWHUDFWLRQVEHWZHHQYP3)&DQG1$FFZHFRQVWUXFWHGPRGHOVYDULDWLRQVRI
YDOXHLQSXW[YDULDWLRQVRIHSLVRGLFPRGXODWLRQZKLFKZHUHJURXSHGLQWRWZRPRGHOIDPLOLHV
3HQQ\HWDORQHIDPLO\LQFOXGLQJDOOPRGHOVZLWKDPRGXODWLRQRIWKHYP3)&WR1$FF
FRQQHFWLRQGXULQJWKHHSLVRGLFFRQGLWLRQDQGRQHIDPLO\LQFOXGLQJDOOPRGHOVZLWKRXWVXFKD
PRGXODWLRQ0RGHOIDPLOLHVZHUHFRPSDUHGXVLQJUDQGRPHIIHFWV%D\HVLDQPRGHOVHOHFWLRQDV
LPSOHPHQWHGLQ6306WHSKDQHWDO
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5HVXOWV
6DPSOH&KDUDFWHULVWLFVDQG3V\FKRSDWKRORJ\
$VH[SHFWHGSDWKRORJLFDOJDPEOHUVGLIIHUHGIURPKHDOWK\FRQWUROVLQDOOPHDVXUHVRISDWKRORJLFDO
JDPEOLQJ'60FULWHULDW GI S.XU]IUDJHERJHQ]XP*OFNVVSLHOYHUKDOWHQ
.)*W GI SDQG6RXWK2DNV*DPEOLQJ6FDOH62*6W GI 
S'XHWRWKHKLJKSRVLWLYHFRUUHODWLRQEHWZHHQ.)*DQG62*6U SZH
DJJUHJDWHGERWKPHDVXUHVE\DYHUDJLQJ]VFRUHVWRFRQVWUXFWDVLQJOHSDWKRORJLFDOJDPEOLQJ
VFRUHUHIHUUHGWRDV³DGGLFWLRQVHYHULW\´:LHKOHUHWDO,QDGGLWLRQWRJDPEOLQJDGGLFWLRQ
JURXSVGLIIHUHGLQGHSUHVVLRQVFRUHV%',%HFNHWDOW GI S EXWQRWLQ
DOFRKRODQGQLFRWLQHXVHVHH7DEOHIRUVDPSOHFKDUDFWHULVWLFV
%HKDYLRUDOGDWD
)RUEHKDYLRUDODQDO\VHVZHSRROHGEHKDYLRUDOGDWDRII05,SDUWLFLSDQWVZLWKEHKDYLRUDOGDWDRI
SLORWSDUWLFLSDQWV3DUWLFLSDQWV¶FKRLFHVZHUHDQDO\]HGZLWKFRJQLWLYHPRGHOVRIWHPSRUDO
GLVFRXQWLQJDQGDFURVVDOOSDUWLFLSDQWVDQGFRQGLWLRQVWKHK\SHUEROLFPRGHO0D]XU
DFFRXQWHGWKHGDWDEHVWZKHUHODUJHUkSDUDPHWHUHVWLPDWHVLQGLFDWHKLJKHULPSXOVLYLW\$Q
$129$UHYHDOHGWKDWORJk ZDVGLIIHUHQWEHWZHHQSDWKRORJLFDOJDPEOHUVDQGKHDOWK\FRQWUROVDOO
SDUWLFLSDQWV) S I05,SDUWLFLSDQWVRQO\) S 2YHUDOOWKHUHZDVD
WUHQGOHYHOGLIIHUHQFHEHWZHHQHSLVRGLFDQGFRQWUROFRQGLWLRQDOOSDUWLFLSDQWV) S 
I05,SDUWLFLSDQWVRQO\) S 7KHJURXS[FRQGLWLRQLQWHUDFWLRQZDVQRWVLJQLILFDQWDOO
SDUWLFLSDQWV) S I05,SDUWLFLSDQWVRQO\) S VHH)LJXUH,QWKH
JDPEOHUVORJkSDUDPHWHUHVWLPDWHVIURPWKHFRQWUROFRQGLWLRQVKRZHGDSRVLWLYHFRUUHODWLRQZLWK
DGGLFWLRQVHYHULW\U S RQHVLGHG7KHUHGXFWLRQRILPSXOVLYLW\LQWKHHSLVRGLFFRQGLWLRQ
WKH³WDJHIIHFW´3HWHUVDQG%FKHOZDVTXDQWLILHGDVWKHGLIIHUHQFHRIORJkSDUDPHWHU
HVWLPDWHVEHWZHHQFRQGLWLRQV,QFRQWUDVWWRSUHYLRXVZRUN3HWHUVDQG%FKHOSRVWVFDQ
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LPDJHU\UDWLQJVGLGQRWFRUUHODWHZLWKWKHWDJHIIHFWSDWKRORJLFDOJDPEOHUVU S KHDOWK\
FRQWUROVU S DQGGLGQRWGLIIHUEHWZHHQJURXSVW GI S RXWRI
JDPEOHUVDQGRXWRIFRQWUROVKDGDORZHUkSDUDPHWHUHVWLPDWHLQWKHHSLVRGLFFRQGLWLRQDQG
WKHVHSURSRUWLRQVGLGQRWGLIIHUVLJQLILFDQWO\EHWZHHQJURXSVȤ²=S 
7RH[SORUHFRQWULEXWLRQVWRWKHYDULDELOLW\RIWKHWDJHIIHFWZHLQFOXGHGWKHSUHGLFWRUVJURXSDJH
HGXFDWLRQVFKRRO\HDUVLQFRPHQLFRWLQHGHSHQGHQFH)71'DOFRKROXVH$8',7GHSUHVVLRQ
%',SRVWWHVWLQJLPDJHU\VFRUHDQGFRQWUROFRQGLWLRQORJk SDUDPHWHULQDPXOWLSOHUHJUHVVLRQ
DQDO\VLV$PRQJDOOSUHGLFWRUVEDVHOLQHGLVFRXQWLQJLHORJkIURPWKHFRQWUROFRQGLWLRQZDV
SUHGLFWLYHRIWKHWDJHIIHFWE S 'HSUHVVLRQKDVEHHQIRXQGWRDIIHFWHSLVRGLFIXWXUH
WKLQNLQJDQGLVFRPRUELGLQSDWKRORJLFDOJDPEOHUV$FFRUGLQJO\WKHLQWHUDFWLRQRISDWKRORJLFDO
JDPEOLQJVHYHULW\DQGGHSUHVVLRQVLJQLILFDQWO\UHGXFHGWKHWDJHIIHFWE S VHH)LJXUH

(Please insert Figure 2 here) 
(Please insert Figure 3 here)
$Q$129$UHYHDOHGWKDWWKHVRIWPD[ȕSDUDPHWHULQGLFDWLQJFKRLFHVWRFKDVWLFLW\ZDVQRW
LQFUHDVHGLQSDWKRORJLFDOJDPEOHUV) S $OVRȕSDUDPHWHUVZHUHQRWGLIIHUHQWLQ
WKHHSLVRGLFFRQGLWLRQ) S DQGWKHJURXS[FRQGLWLRQLQWHUDFWLRQZDVQRW
VLJQLILFDQW) S 
)05,
%UDLQDFWLYDWLRQVE\WKHHSLVRGLFFRQGLWLRQ
,QERWKJDPEOHUVDQGFRQWUROVDQH[WHQVLYHPLGOLQHQHWZRUNVKRZHGLQFUHDVHGDFWLYDWLRQIRUWKH
HSLVRGLFYVFRQWUROWULDOVS):(FRUUHFWHGDWWKHSHDNOHYHOIRUZKROHEUDLQYROXPH
FRQMXQFWLRQDFURVVJURXSV1LFKROVHWDOVHH)LJXUH$6SHFLILFDOO\ZHREVHUYHG
DFWLYDWLRQVLQEUDLQUHJLRQVSUHYLRXVO\LPSOLFDWHGLQHSLVRGLFIXWXUHWKLQNLQJ6FKDFWHUHWDO
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3HWHUVDQG%FKHOVXFKDVUHWURVSOHQLDOFRUWH[SRVWHULRUFLQJXODWHFRUWH[SHDN01,
FRRUGLQDWHV] DQGYHQWURPHGLDOSUHIURQWDOFRUWH[SHDN01,FRRUGLQDWHV
] $WDORZHUWKUHVKROGSuncorrectedDGGLWLRQDO DFWLYDWLRQVLQPLGGOHWHPSRUDO
J\UXVDQJXODUJ\UXVDQGRSHUFXOXPZHUHYLVLEOHZKLOHWKHODFNRIPXOWLSOHFRPSDULVRQFRUUHFWLRQ
PHDQVWKDWZHGRQRWNQRZWKHIDOVHSRVLWLYHULVNRIWKHODWWHUDFWLYDWLRQVZHUHSRUWWKHPIRU
FRPSDULVRQVIRUIXWXUHVWXGLHVZLWKKLJKHUVWDWLVWLFDOSRZHU
(Please insert Figure 4 here)
5HSUHVHQWDWLRQVRIVXEMHFWLYHYDOXH
0RGHOEDVHGHVWLPDWHVRIVXEMHFWLYHYDOXHVRIWKH//RSWLRQVZHUHLQFOXGHGDVDSDUDPHWULF
PRGXODWRULQWKHI05,DQDO\VLVWRWHVWIRUDFRUUHODWLRQRI%2/'VLJQDOZLWKVXEMHFWLYHUHZDUG
YDOXHV:HUHSOLFDWHGDSUHYLRXVO\UHSRUWHGPDLQHIIHFWRIVXEMHFWLYHYDOXH3HWHUVDQG%FKHO
%DUWUDHWDO&OLWKHURDQG5DQJHOSRROHGDFURVVFRQGLWLRQVLQWKHYP3)&
S):(FRUUHFWHGDWWKHSHDNOHYHOFRQMXQFWLRQDFURVVJURXSVSHDN01,FRRUGLQDWHV
] $WDORZHUWKUHVKROGSuncorrectedDGGLWLRQDODFWLYDWLRQVZHUHYLVLEOHLQWKH
1$FFSHDN01,FRRUGLQDWHV] DQGSRVWHULRUFLQJXODWHFRUWH[3&&SHDN01,
FRRUGLQDWHV] VHH)LJXUH%
3UHYLRXVUHVHDUFKVXJJHVWHGERWKWDVNGHSHQGHQWHQKDQFHPHQWVDQGDWWHQXDWLRQVLQYDOXDWLRQ
UHVSRQVHVLQJDPEOHUV0LHGOHWDO/H\WRQDQG9H]LQDIRFXVLQJRQWKHYHQWUDO
VWULDWXP1$FF+HUHZHGLGQRWREVHUYHDQ\RYHUDOOJURXSGLIIHUHQFHV+RZHYHUIRFXVLQJRQWKH
1$FFZHLGHQWLILHGYR[HOVVKRZLQJDVWURQJHUDFWLYDWLRQZLWKVXEMHFWLYHYDOXHVLQWKHHSLVRGLF
FRQGLWLRQFRPSDUHGWRWKHFRQWUROFRQGLWLRQLQERWKJURXSVSHDN01,FRRUGLQDWHV
] S69& SHDNOHYHOFRUUHFWHGIRUPXOWLSOHFRPSDULVRQVZLWKLQWKH$FFXPEHQV$UHD
1HXURPRUSKRPHWULFVPDVNDVLPSOHPHQWHGLQ630)LJXUH&$SRVWKRFWHVWUHYHDOHGWKDW
WKLVLQFUHDVHRIYDOXDWLRQVLJQDOVLQWKHHSLVRGLFFRQGLWLRQZDVGULYHQE\WKHSDWKRORJLFDOJDPEOHUV
SHDN01,FRRUGLQDWHV] S69& VDPHPDVNVHH)LJXUH'ZKLOHKHDOWK\
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FRQWUROVSURYLGHQRVLJQLILFDQWVXSUDWKUHVKROGFOXVWHUVIRUWKHVDPHFRQWUDVWLQWKH1$FF
$G\QDPLFFDXVDOPRGHOLQJ'&0DQDO\VLVDOORZHGXVWRIXUWKHUH[SORUHWKLVFRQGLWLRQE\YDOXH
LQWHUDFWLRQLQSDWKRORJLFDOJDPEOHUV*LYHQWKHPDLQHIIHFWRIVXEMHFWLYHYDOXHLQYP3)&DQ
LQFUHDVHGYDOXHVLJQDOLQWKHYHQWUDOVWULDWXP1$FFGXULQJWKHSUHVHQWDWLRQRIHSLVRGLFWDJVDQG
VWURQJDQDWRPLFDOFRQQHFWLRQVEHWZHHQERWKUHJLRQV+DEHUDQG.QXWVRQZHK\SRWKHVL]HG
WKDWWKHFRQQHFWLRQEHWZHHQYP3)&DQG1$FFLVPRGXODWHGE\WKHHSLVRGLFFRQGLWLRQ:HFUHDWHG
PRGHOVZLWKDOOSRVVLEOHFRPELQDWLRQVRIYDOXHLQSXWVDQGPRGXODWLRQVDQGJURXSHGWKHPWKHLQWR
WZRPRGHOIDPLOLHV3HQQ\HWDORQHIDPLO\LQFOXGLQJDOOPRGHOVDVVXPLQJDPRGXODWLRQRI
WKHYP3)&WR1$FFFRQQHFWLRQE\WKHHSLVRGLFFRQGLWLRQDQGRQHIDPLO\LQFOXGLQJDOOPRGHOV
DVVXPLQJQRVXFKPRGXODWLRQVHH)LJXUH%D\HVLDQPRGHOVHOHFWLRQUHYHDOHGDQH[FHHGDQFH
SUREDELOLW\H[SRIIRUWKHILUVWIDPLO\LQSDWKRORJLFDOJDPEOHUVWKHH[FHHGDQFHSUREDELOLW\RI
DPRGHOIDPLO\GHQRWHVWKHSUREDELOLW\WKDWFRQGLWLRQDORQWKHDYDLODEOHGDWDDQGWKHFKRVHQPRGHO
IDPLO\VSDFHWKLVIDPLO\KDVDKLJKHUSRVWHULRUSUREDELOLW\WKDQDQ\RWKHUPRGHOIDPLO\FRQVLGHUHG
7KHVDPHSDWWHUQUHRFFXUUHGIRUWKHKHDOWK\FRQWUROVH[S DQGDFURVVDOOSDUWLFLSDQWV
H[S 7DNHQWRJHWKHUWKLVDQDO\VLVSURYLGHVHYLGHQFHWKDWWKHHSLVRGLFFRQGLWLRQ
PRGXODWHVYDOXDWLRQUHODWHGEUDLQFRQQHFWLYLW\LQSDWKRORJLFDOJDPEOHUV
3UHYLRXVUHVHDUFKIRXQGDQLQWHUDFWLRQHIIHFWUHIOHFWHGE\DFWLYLW\LQWKHKLSSRFDPSXVZLWKD
PRGXODWLRQHIIHFWRISURVSHFWLRQRQYDOXDWLRQ3HWHUVDQG%FKHO%HQRLWHWDO:H
WKXVLQYHVWLJDWHGDFRUUHODWLRQRIWKHQHXURQDOWDJHIIHFWVXEMHFWLYHYDOXHLQWKHHSLVRGLF!FRQWURO
FRQGLWLRQZLWKWKHVL]HRIWKHEHKDYLRUDOWDJHIIHFWORJkFRQWUROORJkHSLVRGLFDVLQSUHYLRXV
ZRUN3HWHUVDQG%FKHO$FOXVWHULQWKHOHIWKLSSRFDPSXVVKRZHGVXFKDFRUUHODWLRQRQO\
LQKHDOWK\FRQWUROV±$VLJQLILFDQWSRVLWLYHFRUUHODWLRQLQKHDOWK\FRQWUROVLQFRQMXQFWLRQZLWKWKLV
FRUUHODWLRQEHLQJVLJQLILFDQWO\ODUJHULQFRQWUROVWKDQLQJDPEOHUV] S69& 
SHDNOHYHOFRUUHFWHGIRUPXOWLSOHFRPSDULVRQVZLWKLQWKH1HXURPRUSKRPHWULFVDQDWRPLFDOPDVNRI
WKHOHIWKLSSRFDPSXVVHH)LJXUH
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(Please insert Figure 5 here)
(Please insert Figure 6 here)
'LVFXVVLRQ
$QDWWHQXDWLQJHIIHFWRIHSLVRGLFIXWXUHWKLQNLQJRQWHPSRUDOGLVFRXQWLQJKDVEHHQIRXQGLQ
QXPHURXVVWXGLHV3HWHUVDQG%FKHO%HQRLWHWDO&KHQJHWDO'DQLHOHWDO
DE/LQDQG(SVWHLQ3DORPERHWDO6DVVHHWDO7RWKHEHVWRIRXU
NQRZOHGJHWKLVLVWKHILUVWVWXG\WRH[SORUHWKLVHIIHFWDQGWKHXQGHUO\LQJQHXURQDOPHFKDQLVPVLQ
SDWKRORJLFDOJDPEOHUV(SLVRGLFWDJVZHUHVKRZQDORQJZLWKODUJHUEXWODWHUUHZDUGVLQDWHPSRUDO
GLVFRXQWLQJWDVN7DJVDFWLYDWHGDVLPLODUSURVSHFWLRQUHODWHGEUDLQQHWZRUNLQSDWKRORJLFDO
JDPEOHUVDQGKHDOWK\FRQWUROVDQGWHQGHGWRDWWHQXDWHGLVFRXQWLQJEHKDYLRUOLNHZLVH:HIRXQG
WKDWVWULDWDOYDOXDWLRQVLJQDOVLQFUHDVHGXULQJWKHSUHVHQWDWLRQRIHSLVRGLFWDJVLQSDWKRORJLFDO
JDPEOHUV±DQHIIHFWGULYHQE\DIXQFWLRQDOPRGXODWLRQRIWKHYHQWURPHGLDOSUHIURQWDOFRUWH[WR
QXFOHXVDFFXPEHQVFRQQHFWLRQ%HKDYLRUDOFKDQJHVGXHWRHSLVRGLFWDJVZHUHFRUUHODWHGZLWK
YDOXDWLRQVLJQDOFKDQJHVLQWKHKLSSRFDPSXVLQKHDOWK\FRQWUROVEXWQRWSDWKRORJLFDOJDPEOHUV
,QKHDOWK\SDUWLFLSDQWVDQLQGXFWLRQRIHSLVRGLFIXWXUHWKLQNLQJDWWHQXDWHVWHPSRUDOGLVFRXQWLQJ
3HWHUVDQG%FKHO%HQRLWHWDO&KHQJHWDO'DQLHOHWDO3DORPERHW
DO,QRXUVWXG\WKLVHIIHFWZDVRQO\WUHQGOHYHOVLJQLILFDQWDFURVVDOOSDUWLFLSDQWVS 
ZLWKDVPDOOHIIHFWVL]HRIG LQSDWKRORJLFDOJDPEOHUVDQGG LQPDWFKHGKHDOWK\FRQWUROV
FRPSDUHGWRDPHGLXPHIIHFWVL]HRILQDSUHYLRXVVDPSOHRIKHDOWK\\RXQJDGXOWVWHVWHGZLWK
WKHVDPHWDVN3HWHUVDQG%FKHO%RWKSDWKRORJLFDOJDPEOHUVDQGKHDOWK\FRQWUROVVKRZHG
DVLPLODUYDULDELOLW\LQWKHHIIHFW+HDOWK\FRQWUROVLQWKHSUHVHQWVWXG\GLIIHUHGIURPDVWXGHQW
SRSXODWLRQVXFKDVWKHRQHWHVWHGLQWKHRULJLQDOSDSHU3HWHUVDQG%FKHO&RQWUROVZHUH
PDWFKHGWRWKHSDWKRORJLFDOJDPEOHUVRQDJHLQFRPHHGXFDWLRQQLFRWLQHXVH/RZHUHGXFDWLRQ
PLJKWLQIOXHQFHWKHYLYLGQHVVRILPDJLQDWLRQV+LJKHULQFRPHVLQRXUVWXG\PLJKWFKDQJHWKHXWLOLW\
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RIWKHUHZDUGVSUHVHQWHGLQRXUVWXG\FRPSDUHGWRVWXGLHVLQKHDOWK\\RXQJVWXGHQWV)LQDOO\LQ
FRQWUDVWWRWKHRULJLQDOSDSHUWKHSUHVHQWVWXG\LQFOXGHGRQO\PDOHSDUWLFLSDQWV7KHVHIDFWRUV
PLJKWOLNHO\FRQWULEXWHWRWKHLQFUHDVHGYDULDELOLW\LQWKHWDJHIIHFWLQWKHSUHVHQWVDPSOH
'XULQJWKHSUHVHQWDWLRQRIHSLVRGLFWDJVDERXWSHUVRQDOIXWXUHHYHQWVERWKSDWKRORJLFDOJDPEOHUV
DQGFRQWUROVVKRZHGUREXVWDFWLYDWLRQVLQSRVWHULRUFLQJXODWHFRUWH[SUHFXQHXVDQGYHQWURPHGLDO
SUHIURQWDOFRUWH[DQGUHSRUWHGVSRQWDQHRXVLPDJLQDWLRQVDVLQDSUHYLRXVVWXG\XVLQJWKHVDPH
WDVN3HWHUVDQG%FKHO7KLVQHWZRUNKDVEHHQLPSOLFDWHGLQHSLVRGLFSURVSHFWLRQDQG
FRQVWUXFWLRQSURFHVVHV6FKDFWHUHWDO,QOLQHZLWKSUHYLRXVEHKDYLRUDOUHVHDUFK:LHKOHU
HWDOEXWGLVWLQFWIURPILQGLQJVLQORQJWHUPRSLDWHXVHUV0HUFXULHWDOZHIRXQGQR
HYLGHQFHIRUDQLPSDLUPHQWRIHSLVRGLFIXWXUHWKLQNLQJLQSDWKRORJLFDOJDPEOHUVDQGQRHYLGHQFHIRU
DQLPSDLUPHQWLQWKHXQGHUO\LQJQHXURQDOPHFKDQLVPV
([SORUDWRU\PXOWLSOHUHJUHVVLRQUHYHDOHGWZRSUHGLFWRUVIRUWKHWDJHIIHFWLQRXUVWXG\)LUVW
SDUWLFLSDQWVZLWKKLJKGLVFRXQWLQJLQWKHFRQWUROFRQGLWLRQVKRZHGDODUJHUUHGXFWLRQRILPSXOVLYLW\LQ
WKHHSLVRGLFFRQGLWLRQ7KLVFRXOGSRLQWWRZDUGVDQLQFUHDVHGHIIHFWRIWKHHSLVRGLFFRQGLWLRQLQ
KLJKLPSXOVLYLW\SDUWLFLSDQWVLQGHSHQGHQWRIDSDWKRORJLFDOJDPEOLQJGLDJQRVLV1HYHUWKHOHVVD
UHJUHVVLRQWRWKHPHDQHIIHFWFRXOGDOVRFRQWULEXWHWRWKHREVHUYHGUHGXFWLRQRIKLJKLPSXOVLYLW\
6HFRQGLQWHUDFWLQJZLWKDGGLFWLRQVHYHULW\GHSUHVVLYHV\PSWRPVUHGXFHGWKHWDJHIIHFW0DMRU
GHSUHVVLRQGLVRUGHUDVFRPRUELGLQVRPHJDPEOHUVWHVWHGKHUHFDQDIIHFWHSLVRGLFIXWXUH
WKLQNLQJ.LQJHWDO+DFKHWDODQGLVDVVRFLDWHGZLWKDWWHQXDWHGDFWLYDWLRQRIWKH
GHIDXOWPRGHQHWZRUNGXULQJHSLVRGLFIXWXUHWKLQNLQJ+DFKHWDO2XUH[SHULPHQWDO
PDQLSXODWLRQPLJKWWKXVEHDIIHFWHGE\FRPRUELGGHSUHVVLRQLQSDWKRORJLFDOJDPEOLQJ
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